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Though a la rge  v a r i e t y  o f  Vehic le Rou t i ng  Problems (VRPs) have been 
addressed i n  the 1 i terature, the Employee Pick-up Vehicle Routing Problem 
(EPVRP) has not been extensively investigated Perhaps one reason i s  t h a t  
such problems do not ex i s t  i n  developed countr ies and therefore might not  
have caught the a t tent ion o f  researchers I n  Ind ia  and i n  many developing 
countries, t h i s  decision problem has wide spread appl icat ion potent ia l ,  has 
much na t lona l  Importance and needs t o  be i n v e s t i g a t e d  The sav ings  o r  
improvements obtainable by improving the so lu t ion t o  these problems could 
be s ign i f i can t  t o  the national economy as it has a d i r e c t  e f f e c t  on f ue l  
consumption, investment and operatlonal costs The problem i s  t o  f i n d  an 
e f f i c ~ e n t  so lu t lon f o r  (a) assigning pick-up points t o  a vehic le o r  route, 
and (b) sequencing the pick-up points on each route subject t o  l im i t a t i ons  
on the vehicle capacity and on the maximum distance allowed f o r  the route 
This study was undertaken w i th  the object ive o f  developing implementable 
micro-computer based heur i s t i c  methods t o  solve such problems and evaluate 
t h e i r  r e l a t i ve  e f f i c ienc ies  
A detai led l i t e r a t u r e  survey on VRPs has been car r ied out Various 
categories o f  VRPs, t h e i r  mathematical models and the so lu t ion seeking 
approaches have been s tud ied I n  p a r t i c u l a r ,  a t t e n t i o n  i s  focussed on 
implementable algorithms which could solve large scale real-world VRPs 
The (0-1) Integer Linear Programming (ILP) formulat ion given by Waters 
(1988) was f i r s t  adopted f o r  the EPVRP An exact so lu t ion approach uslng 
the LINDO (Linear INteract ive  Discrete Optimizer) computer software package 
on micro-computer was attempted on hypothet~  c a l l  y created smal l e r  version 
of EPVRP for ge t t ing  optimal s o l u t ~ o n  It was observed t h a t  even very small 
problems w i t h  3 t o  9 pick-up p o i n t s  (nodes) were t a k l n g  s u b s t a n t i a l  
computer time A 10 nodes EPVRP required about 28 hours of computer t ime on 
a PC/AT-486 machine w i th  33 MHz speed and 4 MB RAM memory t o  produce 
optimal solut ion through LINDO, whi le a 11 nodes EPVRP could not be solved 
a t  a l l  i n  the PC environment These f ind ings  confirmed the  computational 
complexities o r  i n t r a c t a b i l i t y  o f  large scale VRPs, as found I n  l i t e r a t u r e  
Because o f  the computational d l  ff i c u l  t i e s  i n  solv ing EPVRP optimal 1 y 
the use of heu r i s t i c  procedure(s) has become a l l  the more relevant i n  t h l s  
type of research With t h i s  premise i n  mind f i v e  Personal Computer (PC) 
based heuri s t1 c a l g o r ~  thms were developed and evaluated f o r  1 arge scale 
EPVRPs These heur i s t i c  methods are modifications o f  the  c lass ica l  Nearest 
Nelghbour Rule and the Clarke and Wright Savlng's Rule approaches A l l  
t h e  f i v e  proposed h e u r i s t i c  a l g o r i t h m s  a r e  e v a l u a t e d  u s i n g  t h r e e  
performance c r i t e r i a ,  (i) minimization o f  the t o t a l  distance t raveled by 
a l l  t he  vehicles, ( i i )  number o f  v e h i c l e s  r e q u i r e d ,  and (iii) s e a t  
u t i  1 i z a t i o n  f a c t o r  Data from a l a r g e  pub1 i c  s e c t o r  organ4 s a t  i o n  i n  
Bangalore involv ing the ' t o  and from1 d a l l y  t ransportat ion o f  about 11,750 
employees from 410 pick-up points was used t o  demonstrate the appl icabi 1 i t y  
o f  the heuristic methods Other t r a d i t i o n a l  route construct ion a lgo r i  thms 
such as the Nearest Inser t ion,  Cheapest Inser t ion  and Convex-Hull were also 
used f o r  comparison and evaluat ion purposes The 1 arge scale appl i c a t i o n  
data as we1 1 as 12 standard sets o f  t e s t  data from the 1 i t e r a t u r e  were used 
f o r  the purpose o f  comparison 
A l l  the proposed heu r i s t i c  methods provided improved veh ic le  rout ings 
i n  comparison t o  the p reva i l i ng  pract ice  as wel l  as the other classical 
rou te  cons t ruc t ion  algorithms mentioned e a r l i e r  V e h i c l e  r o u t i n g  
improvements from the proposed heu r i s t i c  methods I n  terms of  t o t a l  distance 
covered by a l l  the vehicles across fou r  s h i f t s  f o r  the spec i f i c  case study 
appl icat ion ranged from 6 84% t o  8 02% In terms o f  the number o f  vehic les 
used f o r  t h e  system, t h e  s a v i n g s  ranged  f r o m  5 63% t o  8 92% 
Simultaneously, they re f lec ted be t te r  seat u t i l i z a t i o n  o f  veh ic le  by 9 61% 
t o  13 27% 
Further, during the development and evaluation o f  the  algori thm i t was 
f e l t  t h a t  s p a t i a l  nodal demand d i s t r i b u t i o n  may have i n f l u e n c e  on t h e  
re l a t i ve  performance o f  the heu r i s t i c  methods Analysis o f  the l i t e r a t u r e  
revealed t ha t  so f a r  no attempt had been made t o  study t h i s  aspect o f  the 
vehicle rout ing problem Therefore, an experimental design was set  up t o  
examlne the inf luence o f  the changes I n  s p a t ~ a l  demand d i s t r i bu t i ons  on the 
re l a t l ve  performance o f  the h e u r ~ s t i c  methods whi le keep~ng the s t ruc ture  
o f  the network i n  terms o f  inter-nodal distances and d isc re te  values o f  
p~ck-up point  demands f i xed  A hypothesis was formulated f o r  t h i s  purpose 
About 100 randomly created demand d l s t r i bu t i ons  as wel l  as two extreme 
s i tuat ions invo lv ing best case scenario and worst case scenario were 
used as t h e  bas ic  data and routes were generated u s i n g  a l l  t h e  f i v e  
heur i s t i c  methods The resu l t s  generated i n  the experiment were tested 
s t a t i s t i c a l l y  using the  'Kendall  C o e f f i c i e n t  o f  Concordance' I t  was 
observed t ha t  the  re l a t i ve  performance o f  the heu r i s t i c  methods i s  indeed 
influenced by changes i n  the spa t ia l  demand d i s t r i b u t i o n  
From the  r e s u l t s  ~t could be concluded t h a t  (a) t h e r e  i s  no 
un~versal  1y best h e u r ~ s t i c  procedure f o r  Employee Pick-up Vehicle Routing 
Problem, and (b) when p r a c t i c a l  cons idera t ions  are Impor tan t  i t  i s  
Imperative t o  use a few good heurist ics methods i n  a Decision Support 
System (DSS) For each speci f ic application o f  the EPVRP the best among 
these heuristics i s  t o  be Ident i f ied  through evaluations 
The thesis concludes with a summary o f  f indings and discussion o f  the 
scope f o r  possible future work i n  t h i s  direction 
